Introduction
The channel of a High Electron Mobility Transistor (HEMT) can act as a resonator for the plasma waves propagating in 2D electron gas. The plasma frequency increases with decreasing the channel length and can reach the terahertz (THz) range for nanometer size transistors. As it was predicted by Dyakonov and Shur (DS theory) [1, 2] , when a current flows through a HEMT, the steady state can become unstable against generation of plasma waves leading to the emission of an electromagnetic radiation at THz frequencies. Three features that are intrinsic for this type of THz emission: thresholdlike appearance, appropriate (THz) frequency range and tunability by the gate voltage.
Results of several experiments [3] [4] [5] [6] [7] have been tentatively interpreted in terms of DS theory [1] .
Although the emission obtained from the nanotransistors really has been in the predicted frequency range and has appeared in the threshold manner, the tunability by the gate voltage has never been observed. In this work, we present the room temperature emission of terahertz radiations from GaN/AlGaN based nanometric high electron mobility transistors. We show that in our structures the emission frequency can be tuned by the gate voltage in agreement with theoretically dependence.
Experimental setup and results
The measurements were carried out at room temperature. The emission signal was excited by square source-drain voltage pulses with amplitude V ds , pulse frequency 30 Hz and duty cycle 0.5. The registration of the emission was performed by Si bolometer whose frequency range of 0.2-4.5 THz was determined by incorporated filters. The total integrated radiation intensity has been measured by placing the samples directly in front of the bolometer. The spectral analysis of the device radiation was performed using vacuum Fourier Transform spectrometer (FTIR). The standard spectrometer source was replaced by our GaN/AlGaN THz source. THz emission was studied for the gate voltage range (-4Volt to 0Volt). Details about of GaN/AlGaN samples can be found in Ref. [8] . threshold-like behaviour. The THz emission intensity increases drastically. At the same time a decrease of the drain current is observed. With a more negative gate bias, the total drain current drops and the corresponding onset of the emission are shifted towards lower values of V ds . This result has been already observed and related to the plasma-wave instability at room temperature for transistors based on different materials [7] . Using the calibration data of the bolometer we roughly estimated the emission power, which was typically around 150nW. The strongest emission was observed for the sample 2 (250 nm gate length). Our result shows a possible application of the GaNAlGaN transistors as compact sources for terahertz spectroscopy and imaging [9] .
Both V gs and V ds biases were fixed (within the range of the emission) and the THz radiation spectra was taken using FFT spectrometer. In Fig. 2 
Discussion
The results demonstrate THz emission that appears when the drain current exceeds a certain threshold value. At the same time a drop of the current is observed. This may suggests that the generation of THz radiation is related to negative differential resistance mechanism (NDR). In fact a strong heating of electrons may lead to a real space transfer and/or to population of higher valleys. This could result in a negative differential resistance, which could in principle persist up to THz frequencies. Some possible mechanisms were recently discussed, Mateos et al [10] .
The solid line on Fig.2-b shows the results of calculations according to simple equations of Ref. [1] with the effective gate length taken as geometrical one plus two spacer thickness [11] . One can see that the simple model gives a good quantitative description of experimental data. This result supports the plasma wave instability (rather than NDR) origin of the THz emission.
In conclusion: Efficient (150nW) room temperature THz emission from GaN/AlGaN HEMt was reported. Observed emission was frequency-tunable by the gate voltage and changed also with gate length -in agreement with theoretical predictions. These observations strongly support the interpretation of the observed emission as due to plasma wave instability and resonant Plasmon excitation.
